As substrate and energy resources in plants are limited, there is a need for plants for a well balanced trade-off, which allows growth but does not exclude defense mechanisms. This is addressed by the "Growth-Differentiation-Balance Theory" (GDB; Loomis 1953; Lorio 1988) as accentuated by Herms and Mattson (1992) and adapted by Matyssek et al. (2002 Matyssek et al. ( , 2005 . However, this theory suffers from substantial deficits in the understanding of mechanisms that underlie the balance between resource sequestration (as mediated through the plant's competitiveness related to growth) and retention (as a result of defence). Therefore since 1998 an integrative research center, entitled "Growth and Parasite Defense-Competition for Resources in Economic Plants from Agronomy and Forestry" (Sonderforschungsbereich 607, SFB 607, funded by the 'Deutsche Forschungsgemeinschaft', DFG) has been established in the Munich area (Germany).
The mechanistic and ecological perspective of GDB makes understandable that "third-party trade-offs" between further internal (e.g. reserve storage, reproduction) or external resources (e.g. driven through symbionts or other associative soil micro-organisms), may intensely impact on and modulate the principal resource trade-off addressed by GDB between growth and defence (Stitt and Schulze 1994; Heil and Baldwin 2002; Stamp 2003; Matyssek et al. 2005) .
This integrated view on GDB requires spatiotemporal process scaling that bridges gene regulation, metabolism, whole-plant functionality and resource flux at the stand level, being aware of the intense resource interchange that occurs between plants and their environment at the specific field sites. The scarcity of knowledge about the mechanistic and ecological foundations of GDB (Heil and Baldwin 2002, Stamp 2003) is evident, in particular, in forest trees, as their longevity and dimension pose a particular spatiotemporal challenge on research. Process scaling is to be extended, therefore, across plant-ontogenetic stages and a range of growth conditions, the latter being most distinctively represented by controlled, short-term chamber studies (where most of the currently available evidence is derived from, while being restricted to juvenile trees; e.g., Kolb and Matyssek 2001) versus long-term experimentation understand conditions with adult forest trees (e.g., Matyssek et al. 2007 ). In view of such challenges, scaling concepts that integrate mechanistic and ecological demands were introduced (Sandermann and Matyssek 2004) and are pursued by SFB 607.
In this focus mainly experiments are needed that bridge the scales from short-term experiments in chambers and greenhouses under controlled conditions with young trees and long-term studies in mature stands in natural forests. Furhermore, there is an urgent need for data about carbon fluxes and nutrient balances in the mycorrhizosphere (1) to understand the consequences of altered carbon allocation patterns in trees upon changes in their biotic or abiotic environment for the soil system, and (2) to follow feedback loops to plants in terms of nutrient supply. This latter task is only feasible in closed systems mainly if stable isotopes (e.g., 13 C-CO 2 fumigation or 15 N labelled litter material) are used. The ultimate aim is the completion of resource balances between trees and microorganisms.
In such a respect lysimeters provide a useful tool. In principle, lysimeters are simply tubes made out of steel, with a height up to 2 m and a surface area of 1 m 2 , which are placed outdoor. They may be filled with soil monoliths from a field site of interest or different soil horizonts may be arranged by layers in the lysimeters according to the natural horizontation for simulating the original soil structure and density. Lysimeters have been originally designed for the approval of new pesticides in the late 1960s. Therefore, from the very beginning, lysimeters were envisaged as closed systems to eventually calculate resource fluxes and metabolic processes of the investigated chemicals. However, exactly this kind of instrumentation is needed for the questions adressed above: a closed system, which can be used under field conditions with a size that allows tree growth for up to 10 years.
In this special issue data from a joint lysimeter experiment with 6-year-old (Fagus sylvatica L.) trees are presented, including studies from plant (eco) physiology, soil microbiology, soil science and modelling. It was the aim of this experiment to clarify resource conflicts between growth and defence of plants by mainly addressing effects of competition and biotic belowground relationships, being aware that interactions between mycorrhizal fungi, competitors and parasites form a "unity" in the control of the plant's resource allocation . To assess the consequences of changed allocation for tree performance, an abiotic (ozone fumigation) and a biotic (Phytophthora citricola inoculation) stressor were used to modulate stress response.
To this end, eight lysimeters as well as the surrounding area were filled in March 1999 with natural soil from the Höglwald forest (Bavaria, Germany, 48°18′N 11°05′E). In November 2002, four three-year-old beech saplings were planted into each lysimeter (for details see Schloter et al. 2005 ). In the surrounding area of the lysimeters additional tree saplings were planted at the same density, to obtain a homogeneous forest stand. To avoid nitrogen limitation during the experimental period, beech litter was collected from the lysimeter field, mixed with 15 N-labelled litter produced in the greenhouse, and subsequently added to the lysimeter area. From June 2003 onwards, the whole lysimeter area was fumigated with air (800 l*min injury. Details about these technical issues of the lysimeter experiment can be found in Winkler et al. (2009a, this issue) . In spring 2006 two lysimeters of each treatment (ozone-fumigated and control lysimeters) were inoculated with P. citricola into the soil to simulate the effects of a biotic stressor on the carbon allocation pattern of the trees. Hence, four treatments in total were available for analysis (control; control+ozone; control+P. citricola; ozone+P.citricola). By using quantitative PCR no differences in root infection with P. citricola were observed between the ozone treatments (Fleischmann et al. 2009, this issue) .
After leaf expansion at the beginning of June 2006, in addition to the O 3 fumigation, 13 C-CO 2 -labelling was carried out throughout the growing season until September, using 13 C-depleted CO 2 derived from fossil-fuel burning (CO 2 fossil ). Labelling was performed by enhancing the atmospheric CO 2 concentration in both treatments by 75 µl*l −1 CO 2 fossil (δ 13 C fossil =−47‰ V-PDB) using the same tubing system as for the O 3 fumigation. CO 2 concentrations were measured online by means of photo-acoustic CO 2 -controllers. This approach has been tested and optimised before in an open-top experiment. Data on the sensitivity of this method and on the dynamics of carbon flow into different plant compartments as well as into the soil can be found in Esperschütz et al. (2009a, this issue) .
It is demonstrated in this special issue that the plant physiology and resource allocation were affected by the different treatments. Ozone led to a distinct reduction in overall plant biomass compared with the control treatments. However, this was not oberserved for trees that had been infected with P. citricola (Winkler et al. 2009b, this issue) . Similarly, Fleischmann et al. (2009, this issue) showed that even though sucrose and starch concentrations in leaves were diminished in ozonetreated plants after four years of ozone fumigation, root infection with P. citricola only reduced sucrose concentrations. Olbrich et al. (2009, Also root biomass was affected by the different treatments. Biomass partitioning between fine and coarse roots as well as vertical root distribution were significantly affected by the ozone fumigation, as well as by the inoculation with P. citricola compared with the control, where no stressor was applied (Winkler et al. 2009b, this issue) . While elevated O 3 reduced standing biomass of coarse and fine roots, especially below 100 cm depth, P. citricola infection increased fine root biomass. However, the fine root proportion on total root biomass increased under elevated O 3 .
In addition, a phytotron study was designed to extend the factorial interactions studied in the lysimeters to inter-specific competitive systems with beech and spruce saplings (Picea abies; Luedemann et al. 2009, this issue) . Contrasting with spruce, elevated O 3 limited leaf and root biomass development, photosynthetic performance and N uptake of beech. The growth limitation by O 3 was accompanied by increased resistance in beech against the pathogen. Conversely, spruce displayed enhanced susceptibility in the combined O 3 /P. citricola treatment.
Changes in root biomass root morphology and most likely root exudation pattern in response to the stressors induced also changes in microbial community structure and function in the mycorrhizosphere. Esperschütz et al. (2009b, this issue) demonstrated the influence of long-term chronic ozone exposure on carbon fluxes from young beech trees into microbial communities in the rhizosphere and into the dissolved organic carbon (DOC) fraction. Microbial biomass and individual microbial communities in the rhizosphere of young beech trees are mainly driven by factors related to the seaso. Only some part of the microbial community profited from the trees' recent C assimilation. All other microbes depended on food web initialisation. Mainly Gram-negative bacteria in the rhizosphere were favoured by elevated O 3 concentrations in the atmosphere. Obviously, they were able by changes in their outer membrane structure to adapt best to the changes in the rhizosphere.
A distinct effect on microbial community function upon ozone exposure was also described by Pritsch et al. (2009, this issue) , as depression of soil enzymatic activities in the mycorrhizosphere was demonstrated under ozone exposure. Surprisingly, the biotic stressor, P. citricola, had an opposite effect on the enzymatic activities, indicating that both stressors induced contrasting response in the plant soil system. However, a combination of biotic and abiotic stressors resulted in reduced enzymatic activities. Müller et al. (2009, this issue) used NMR spectroscopy and physical fractionation to show that the changes in microbial community structure and function in the mycorrhizoshere also affected formation of soil organic matter, even after the relatively short study period in terms of soil evolution. Although most significant differences between treatments were found in different soil layers, also distinct effects in quality and quantity of the different fractions that were analysed were found in response to the four treatments of this study.
The elaborated experimental data were used to validate a simulation model developed by Gayler et al. (2009, this issue) that deals with the effects of biotic and abiotic stress on the plant soil system with respect to GDB. The simulation results were consistent with the observed decreased growth rates and shifts in resource allocation of the trees under elevated ozone. Furthermore, the model was able to explain variation in growth of the trees between the replicate lysimeters. Such differences were related to varying hydraulic properties in the replicates, rather than to differences in the initial biomass of the trees.
The studies reported here reflect high functional plasticity of the tree-soil system in response to abiotic and biotic stressors. In particular, the belowground component represented by roots and microorganisms, forming a functional unit (mycorrhizosphere) appear to be a determinant in tree resource allocation and system resource flux, and hence, in tree and system responsiveness. In this context, the presented evidence meets a current demand in theory development on the plant's challenge in balancing growth versus stress defence (Heil and Baldwin 2002; , i.e. by providing mechanistic grounds for the "growth-defence balance hypothesis" (GDB) and GDB in relation to defined and ecologically meaningful field scenarios.
